Daily dietary-boron intake and on-the-job inspired boron were compared with blood-and urine-boron concentrations in workers engaged in packaging and shipping borax. Fourteen workers handling borax at jobs of low, medium, and high dust exposures were sampled throughout full shifts for 5 consecutive days each. Airborne borax concentrations ranged from means of 3.3 mg/mi3 to 18 mg/m3, measured gravimetrically. End-of-shift mean blood-boron concentrations ranged from 0.1 1 to 0.26 pg/g; end-of-shift mean urine concentrations ranged from 3.16 to 10.72 pg/mg creatinine. Creatinine measures were used to adjust for differences in urine-specific gravity such that 1 ml of urine contains approximately 1 mg creatinine. There was no progressive increase in end-of-shift blood-or urine-boron concentrations across the days of the week. Urine testing done at the end of the work shift gave a somewhat better estimate of borate exposure than did blood testing, was sampled more easily, and was analytically less difficult to perform. Personal air samplers of two types were used: one, the 37-mm closed-face, two-piece cassette to estimate total dust and the other, the Institute of Occupational Medicine (IOM) sampler to estimate inspirable particulate mass. Under the conditions of this study, the IOM air sampler more nearly estimated human exposure as measured by blood-and urine-boron levels than did the sampler that measured total dust. The highest mean blood-and urine-boron levels in the workers were approximately an order of magnitude lower than blood and urine values found by others in dogs during feeding studies conducted as part of reproductive toxicity studies at the no-observed-adverse-effect level (NOAEL). The mean dietary intake of the workers was 1.35 mg boron/day, close to the 1.521 mg boron/day reported recently for the standard U.S. diet. Total estimated boron intake, which is diet plus environmental exposure, had for the high-borax dust exposure group a mean daily boron intake of 27.90 mg/day or, based on the body weights of the subjects, 0.38 mg boron/kg/day. These subjects had a mean blood-boron level of 0.26 pg boron/g blood, a factor of 10 lower than found in the dog or rat at NOAEL exposure levels. -Environ Health Perspect 102(Suppl 7): 133-137 (1994) 
Introduction
This study examined the relationship between work exposure to borax dust and blood-and urine-boron levels to determine whether biologic monitoring would be possible, and to compare daily intake levels in workers exposed to boron to those reported from toxicologic studies in experimental animals. A related objective of this study was the evaluation of methods for measuring dust exposure. Boron is present in inorganic borates such as borax and boric acid that are used 856-4773. widely in industry and commerce. It is also an essential element for healthy plant growth and consequently is present in the daily diet. Boric acid has been shown to be readily absorbed from the human gastrointestinal tract (1) . It is likely that the other water-soluble inorganic borates provide boron in a form that is readily absorbed through mucosal membranes. Its presence in the body is most likely in the form of a salt or acid, as indicated in William G. Woods' presentation in the symposium, "Introduction to the Element and Its Compounds" (2) .
Rationale
Weir and Fisher (2) (9) . Total daily boron intake calculated for each individual, including the measured dietary contribution and the calculated intake by inspiration, is shown by exposure-group mean in Figure 2 . The high-exposure category mean total intake was 27.9 mg boron/day.
Boron levels for blood samples obtained on the Monday morning prior to the first work shift of the week averaged 0.09 pg boron/g blood. There were no significant differences among the three exposure categories. Postshift boron values for blood samples drawn on the sampling days, Monday, Thursday, and Friday, were not different from the Monday morning preshift samples for the low-exposure category. For the medium-and high-exposure categories, later blood values were significantly higher than the Monday morning values, but there were no consistent differences between medium-and high-exposure groups for any sampling day. The relationships of blood boron to exposure categories and to points of time when blood was sampled are shown in Figure 3 . The mean Table 1) .
The postshift blood-and urine-boron concentrations did not increase across the days of the work week, indicating that at the levels of exposure experienced by these workers (up to a mean of 27.9 mg boron/ day or 0.38 mg boron/ kg / day) there was no evidence of boron accumulation. Our observations that progressive accumulation does not occur are consistent with the experimental work at much higher doses in which animals that were fed diets containing up to 1575-ppm boron (67.9 mg boron/kg/day) did not demonstrate progressive increases in tissue levels once a plateau had been reached following the first day of dosing (10) .
When boron intake over the period of the work shift and biologic measures of absorption at the end of the shift were treated as continuous variables, a series of bivariate models was obtained ( Table 2) . ..................................................................................................................................   4-~~~~~~~~~~~~~~......................................   .................................................................................................. ...... ...............................   108~~~~~~~~~~.   .............................................................. Figure 4 . Urine-boron levels (pg /mg creatinine) by day of week and exposure category. boron's effects on fertility and fetal development appear to occur at lower dose levels than other toxic effects, the comparison was made with animal studies of reproductive effects. Because there appear to be species differences between boron intake and resulting blood-boron levels, with man having a relatively higher blood-boron level for a given boron intake, comparisons of results of exposure across species should be based on blood-boron levels rather than on estimates of boron intake. Thus, under the conditions of this study, high-exposure category workers with a calculated mean daily boron intake of 27.9 mg boron (0.38 mg boron/kg/day) had a mean blood-boron level (0.26 pg boron/g blood) that was a factor of 10 lower than the dog and rat at NOAEL exposure levels (Table 3) .
Conclusion
The findings of this study can be summarized: a linear relationship described by IOM = 0.14 + 1.76(TD) exists between the two dust samplers used under the concentration and particle size distribution conditions of this study. The IOM sampler results are measurably better for predicting boron absorption as indicated by bloodand urine-boron levels than are results based on the total dust sampler, as indicated by the r2 values. Equations for prediction of blood-and urine-boron concentrations are:
sured inhaled borax. The relative uniformity of the boron content of the assigned diets and the higher proportion of total boron absorption resulting from air exposure may account for the apparent lack of dietary effect.
Results and Discussion
It is clear from these bivariate models that the use of air-sample data based on the IOM air sampler to estimate boron intake accounted for more of the variance in the blood-and urine-boron concentrations than data based on the total dust sampler. This observation leads to the conclusion that measures representing inspirable particulate mass rather than total dust more accurately estimate human dust exposure where the dust is of large particle size and the effect of concern is a systemic one. The relationship between the workers' boron exposure and boron intake in animal chronic feeding studies can be looked at by comparing animals at the no-observedadverse-effect level (NOAEL) with the high-exposure category workers. Because Blood-boron (pg/g)= 0.07 + 0.008(mg boron inhaled/shift) [2] Urine-boron(pg/mg creat)= 0. 
